Electron microscopy of Xrcc4 and the DNA ligase IV-Xrcc4 DNA repair complex.
The DNA ligase IV-Xrcc4 complex is responsible for the ligation of broken DNA ends in the non-homologous end-joining (NHEJ) pathway of DNA double strand break repair in mammals. Mutations in DNA ligase IV (Lig4) lead to immunodeficiency and radiosensitivity in humans. Only partial structural information for Lig4 and Xrcc4 is available, while the structure of the full-length proteins and their arrangement within the Lig4-Xrcc4 complex is unknown. The C-terminal domain of Xrcc4, whose structure has not been solved, contains phosphorylation sites for DNA-PKcs and is phylogenetically conserved, indicative of a regulatory role in NHEJ. Here, we have purified full length Xrcc4 and the Lig4-Xrcc4 complex, and analysed their structure by single-particle electron microscopy. The three-dimensional structure of Xrcc4 at a resolution of approximately 37A reveals that the C-terminus of Xrcc4 forms a dimeric globular domain connected to the N-terminus by a coiled-coil. The N- and C-terminal domains of Xrcc4 locate at opposite ends of an elongated molecule. The electron microscopy images of the Lig4-Xrcc4 complex were examined by two-dimensional image processing and a double-labelling strategy, identifying the site of the C-terminus of Xrcc4 and the catalytic core of Lig4 within the complex. The catalytic domains of Lig4 were found to be in the vicinity of the N-terminus of Xrcc4. We provide a first sight of the structural organization of the Lig4-Xrcc4 complex, which suggests that the BRCT domains could provide the link of the ligase to Xrcc4 while permitting some movements of the catalytic domains of Lig4. This arrangement may facilitate the ligation of diverse configurations of damaged DNA.